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(54) Vehicle power transmission device 

(57) It is an object of the present Invention to 
achieve stabilization of clutch transmission torque at the 
point of half clutch completion during a garage shift upon 
vehicle start up, and to thereby achieve smooth clutch 
engagement. In a vehicle power transmission device In 
which a fluid coupling and a wet friction clutch are pro- 
vided in series at points on a power transmission path 
which extends from an engine to a transmission, and 
which performs engagement/disengagement control of 
the clutch by varying the pressure of operating fluid used 



for engagement/disengagement driving the clutch in ac- 
cordance with duty pulse signals outputted from an elec- 
tronic control unit, clutch engagement control Is begun 
at the same time as (t1 ) the transmission is put into gear 
In a state of clutch disengagement when a vehicle Is 
about to start up from a standstill. When the difference 
in rotation between the input and output sides of the fluid 
coupling reaches or exceeds a predetermined value (t3) 
during this clutch engagement control, a duty Dc corre- 
sponding to full clutch engagement is outputted from the 
electronic control unit. . 
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Description 

[0001 ] The present invention relates to a vehicle pow- 
er transmission device, and more particularly to a vehi- 
cle power transmission device In which a fluid coupling s 
and a wet friction clutch capable of engagement/disen- 
gagement control are provided in series. 
[0002] As is illustrated in Fig. 1 , the present inventors 
have developed a new vehicle power transmission de- 
vice in which a fluid coupling 2 and a wet friction clutch io 
3 are provided in series at points along a power trans- 
mission path which extends from an engine E to a trans- 
mission T/M , and in which the wet friction clutch 3 auto- 
matically engages and disengages during transmission. 
In this case, following an operation to put a vehicle In is 
gear when the vehicle is stationary, the clutch is auto- 
matically engaged, thereby generating creep. A typical 
AT automobile is similar In this respect. 
[0003] If the clutch engages too quickly, clutch en- 
gagement shock (so-called garage shock or the like) Is 
produced, and if the clutch engages too slowly, creep 
generation takes time following the operation to put the 
vehicle into gear such that the driver does not know 
when best to step on the accelerator (largo time lag). 
Thus, in order to strike a balance between reducing the 
engagement time and the occurrence of clutch engage- 
ment shock, control is perfonrted such that the clutch is 
rapidly engaged In the clutch bite region prior to the be- 
ginning of clutch connection, and once the clutch begins 
to connect the engagement speed Is switched to low 30 
speed and the clutch is slowly connected (slowly en- 
gaged). 

[0004] More specifically, the operating fluid pressure 
for driving the engagement/dlsengagementof the clutch 
. is varied in accordance vyith duty pulses outputted from 35 
an electronic control unit (to be ref enred to as ECU here- . 
Inafter), and the clutch is engagement/disengagemept 
controlled thereby. Further, since this control is open 
control, the ECU outputs duty pulses in accordance with 
a predetennined pirogrann. . 40 

[0005] As Is illustrated by the broken line In Fig. 5/ 
conventional clutch engagement control is perfonned by 
first outputting a predetemnlned starting duty Dsf from 
the ECU such that the clutch is engaged to a large extent 
up to a position near the beginning of clutch connection 45 
(this being known as "one-shot engagement control"), 
then by oulputling predetermined slow engagement du- 
ties Dk' from the ECU at predetennined time intervals 
such that the clutch becomes slowly engagiad, and final- 
ly, when a predetermined final slow engagement duty so 
Ded' has been reached, by outputting afuil engagement 
duty Dc' (=0%) from the ECU such that the clutch be- 
comes fully engaged. 

[0006] . The position at which clutch connection be- 
gins, or in other words the torque transmission starting ss 
point at which predetermined torque can first be trans- 
mitted, will be referred to as the torque point. This torque 
point is learned by the ECU and used as a reference 



value for engagement speed switching. The torque point 
Is set as a learning value because of irregularities and 
individual differences among clutches caused by con- 
struction errors, and because the torque point differs 
from clutch to clutch or from vehicle to vehicle. 
[0007] in Fig. 5, the torque point is DIt, and the starting 
duty Dsf is typically a value whbh Is slightly further to- 
ward the disengagement side than the torque point DIt. 
As a general principle, provision is made such that ex- ; 
cesslve engagement shock is not generated by the one- 
shot engagement control. 

[0008] Attention will now be focussed upon a garage 
shift perfonned during vehicle start-up. Clutch engage- 
ment control similar to that described above Is also per- 
fonned here. Fig. 6 shows the state of creep variation 
during an operation to put the vehicle in gear directly 
preceding start-up (when a so-called garage shift Is be- 
ing performied), and also Illustrates the state of rotation 
speed variation of the input side (pump) and output side 
(turbine) of the fluid coupling. The rotation speed of the 
input side of the fluid coupling is switched to the. engine 
rotation speefd Ne (unbroken line). The rotation speed 
of the output side of the fluid coupling is switched to the 
turbine rotation speed Nt (dot/dash lino) and may be 
switched as is to the rotation speed of the clutch input 
side/-. 

[0009] Any time earlier than time tO indicates a brak- 
ing operation, neutral gear, and clutch disengagement. 
At time tO, the gear is fully engaged from the aforemen- 
tioned state to the start-up level, and clutch engagement 
control begins. Since the. output side of the clutch Is 
damped by a brake from the drive wheel side, slippage 
of the fluid coupling increases as clutch engagement 
proceeds, and the pump, which is the input side of the 
fluid coupling, rotates at a constant Idling rotation speed 
which is equal to the engine rotation speed Ne, whereas 
the turbine rotation speed Nt gradually drops. By this 
process, creep gradually increases. , 
[0010] Now focussing on control at the point of half 
clutch completion, this Is conventionally perfonned us- 
ing a method in which the full engagement duty Dc' 
(=0%) is outputted during the output of the slow engage- 
ment duties Dk' when the predetermined final slow eri-, 
gagemeht duty Ded' has been relached, whereujaon 
slow engiagement control Is switched to full engagement 
control. In other words, If the outputted duties reach the 
final slow engagement duly Ded' at the point of half 
clutch completion, then the clutch is fully engaged. 
[0011] When this method is used in reeflity, however, 
the clutch transmission torque at the point of half clutch 
completion may be unstable due to fluid pressure fluc- 
tuation or micro f luctuations in the wet friction clutch dur- 
ing control, and consequently the clutch cannot be en- 
gaged smoothly. The cause of this may be the moment 
at the point of half clutch corhpletion when the clutch 
plates move from kinetic friction to static friction and the 
relative rotation difference therebetween is small. As a 
result of this moment, stability cannot be achieved on a 
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micro level, and there is little redundancy with respect 
to fluctuation. 

[0012] Problems arise in particular when the half 
clutch state (or the amount of time of slow engagement 
control) is protracted: hunting is produced in the turbine 
rotation due to temperature rises or the like in the clutch; 
irregular vehicle behavior (such as shock) is produced; 
and rattling sounds are produced due to collisions 
among the gears in the transmission. 
[0013] The present invention has been devised in 
consideration of these problems, and it is an object 
thereof to create stability in the clutch transmission 
torque at the point of half clutch completion during a ga- 
rage shift upon vehicle start-up, and thereby to engage 
the clutch smoothly. 

[001 4] The present invention is a vehicle poWer trans- 
mission device In which a fluid coupling and q wet friction 
clutch are provided in series at points on a power trans- 
mission path which extends from an engine 16 a trans- 
mission, and which perfomris (engagement/disengage- 
ment control of the clutch by varying the operating fluid 
pressure. used for engagement/disengagenrient driving 
the clutch in accordance with duty pulse signals output- 
tod from an electronic control unit, wherein, when a ve- 
hicle starts up from a standstill, clutch engagement con- 
trol Is begun at the same time! as the transmission is put 
into gear during a braking operation and a state of clutch 
disengagement, and a duty pulse signal con-esponding 
'S^ to full clutch engagement is outputted from the electron- 
^|| Ic control unit when the rotation difference on the input 
|g and output sid es of the fluid coupling reaches or ex- 
5 ceeds a predetermined value during engagement con- 
trol. 

[001 5] In this case it Is preferable that this clutch en- 
gagement control be such that Initially, one-shot en- 
gagement control, in which a predetermined starting du- 
ty pulse signal is outputted from the electronic control 
unit. Is executed such that the clutch is largely engaged 
up to the vicinity of the torque point and excessive clutch 
engagement shock is never produced by taking into 
consideration irregularities in the torque point, whereup- 
on the process moves to slow engagement control. It is 
also preferable that this slow engagement control be 
such that first slow engagement duty pulse signals are 
outputted from the electronic control unit at predeter- 
mined time intervals such that the clutch is engaged 
more slowly than in the one-shot engagement control, 
and then second slow engagement duty pulse signals 
are outputted from the electronic control unit at prede- 
temnlned time intervals once predetemiined conditions 
have been fulfilled such that the clutch is engaged more 
slowly than in tho first slow engagement. 
[0016] The present invention is also a clutch control 
method for performing engagement/disengagement 
control of a clutch in accordance with duty pulse signals 
outputted from an electronic control unit, which is used 
in a vehicle power transmission device in which a fluid 
coupling and a wet frictbn clutch are provided In series 



at points on a power transmission path which extends 
from an engine to a transmission, wherein, when a ve- 
hicle starts up from a standstill, clutch engagement con- 
trol Is begun at the same time as the transmission is put 

5 into gear during a braking operation and a state of clutch 
disengagement, and a duty pulse signal corresponding 
to full clutch engagement is outputted fronri the electron- 
ic control unit when the rotation difference on the input 
and output sides of the fluid coupling reaches or ex- 

10 ceeds a predetennlned value during this (engiagement 
control. . 

[0017] The present invention is also a power trans- 
mission device In which a fluid coupling and a friction- 
type clutch capable of performing engagement/disen- 

is gagement control are provided In series at points on a 
power transmission path, wherein clutch engagement 
control Is executed when the output side of the clutch 
has been damped, and full clutch engagement control 
Is proceeded to during the process of clutch, engage- 

^ ment control when the rotation difference between the 
input and output sides of the fluid coupling reaches or 
exceeds a predetermined value. 
[0018] Rg. 1 is a schematic view illustrating a vehicle 
power transmission device according to an embodiment 

25 of the present invention. 

[0019] Fig^ 2 is a hydraulic circuit diagram Illustrating 
a hydraulic pressure supply device according to an em- 
bodiment of the present Invention. 
[0020] Fig. 3 is a line diagram of the characteristic of 

30 a hydraulic pressure supply device according to an em- 
bodiment of the present invention. 
[0021] Fig. 4 is a block diagram illustrating an elec- 
tronte control device according to an embodiment of the 
present invention. 

35 [0022] Rg. 5 Is a time chart illustrating the content of 
the clutch control according to an embcidiment of the 
present invention. 

[0023] Fig. 6 is a time chart illustrating the states of 
variation |n engine rotation speed and turbine rotation 
40 speed during clutch engagement. 

[0024] Fig. 7 is a flowchart Illustrating the content of 
the clutch control according to an embodiment of the 
present invention. 

[0025] A prefen-ed embodiment of the present inven- 
^ tlon will be descrtoed below on the basis of the attached 
drawings. 

[0026] Rg. 1 shows a vehicle power transmission de- 
vice of this enibodlmenti As is illustrated in the drawing, 
a transmission T/M is connected to an engine E via a 

50 clutch mechanism 1 . The clutch mechanism 1 compris- 
es a fluid coupling 2 and a wet-type multiple disc clutch 
3. The fluid coupling 2 Is provided at a point on tho up- 
stream side of a power transmission path which extends 
from the engine E to the transmission T/M, andthewet- 

55 type multiple disc clutch 3 is provided in series with the 
fluidcoupling 2 on the downstream side of the path. Note 
that "fluid coupling" here indicates a broad concept in- 
cluding a torque converter, and In fact a torque converter 
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is used in this embodiment. 

[0027] The fluid coupling 2 comprises a pump 4 which 
is connected to the output shaft (crankshaft) of the en- 
gine, a turbine 5 which is connected to the input side of 
the clutch 3 and faces the pump 4, a stator 6 which is 
disposed between the pump 4 and the turbine 5, and a 
loclc*up clutch 7 which joins and separates the pump 4 
and turbine 5. The input side of the wet-type multiple 
disc clutch 3 is connected to the turbine 5 via an input 
shaft 3a, the output side thereof is connected to an input 
shaft 8 of the transmission T/M. and thus the wet-type 
multiple disc clutch 3 is engaged and disengaged be- 
tween the fluid coupling 2 and the transmission T/M. 
[0028] The transmission T/M cornprises an input shaft 
8, an output shaft 9 disposed on the same shaft as the 
input shaft 8, and a countershaft 10 disposed parallel 
thereto. An input main gear il is provided on the input 
shaft 8. Afirst speed main gear Ml, a second speed 
main gear M2, a third speed main gear M3, a fourth 
speed main gear M4, jand a reverse main gear MR.are 
respectively axially supported on the output shaft 9, and 
a sixth speed main gear MS is fixed thereto. An input 
counter gear 12 which is meshed with the input main 
gear ll , a first speed counter gear CI which is moshed 
with the first speed main gear Ml , a second speed coun- 
ter gear. C2 which is meshed with the second speed 
main gear M2, a third speed counter gear C3 which is 
meshed with the third speed main gear M3, a fourth 
speed counter gear C4 which is meshed with the fourth 
speed main gear M4. arid a reverse counter gear CR 
which is meshed with the reverse main gear MR via an 
idling gear IR are fixed onto the countershaft 1 0, and a 
sixth speed counter gear C6 which is meshed with the 
sixth speed main gear M6 is axially supported thereon. 
[0029] In this transmission T/M, whieri a sleeve S/R1 
which is spline rheshed with a hub H/RI fixed to the out- 
put shaft 9 is spline meshed with a dog DR of the reverse 
: main gear MR, the output shaft 9 rotates in reverse; and 
when this sleeve S/R1 is spline meshed with a dog D1 
of the first speed main gear Ml v the output shaft 9 ro- 
tates in first speed. When a sleeve S/23 which is spline 
meshed with a hub )r\/23 fixed to the output shaft 9 is 
spline meshed with a dog D2 of the second speed main 
gear M2, the output shaft 9 rotates at second speed, 
and when this sleeve S/23 Is spline meshed with a dog 
D3 of the third speed gear M3, the output shaft 9 rotates 
at third speed. 

[0030] When a sleeve S/45 which is spline meshed 
with a hub H/45 fixed to the output shaft 9 is spline 
meshed with a dog D4 of the fourth speed main gear 
M4, the output shaft 9 rotates at fourth speed, and when 
this sleeve S/45 is spline rnoshed with a dog D5 of the 
input main gear 11, the output shaft 9 rotates at fifth 
speed (direct drive). When a sleeve S6 which is spline 
meshed with a hub H6 fixed to the countershaft 10 Is 
spline meshed with a dog D6 of the sixth speed counter 
gear C6. the output shaft 9 rotates at sixth speed. All of 
the aforementioned sleeves are manually operated by 



a shift lever in the driving^cab via a shift foric and shift 
rod (not shown). 

[0031] The wet-type multiple disc clutch 3 is of a typ- 
ical constitution. That is, although not shown in the draw- 

s ing, a plurality of clutch plates are each rneshed alter- 
nately on the input side and output side inside a clutch 
casing filled with oil. These clutch plates are pressed 
together or released by a clutch piston, thereby perform- 
, ing clutch engagernent and disengagement. Referring 

10 to Fig. 2, the clutch piston 27 Is always urged to\yard the 
disengagement side by a clutch spring 28, and when 
hydraulic pressure that is greater than the urging force 
of the clutch spring 28 is applied to the clutch piston 27, 
the clutch 3 is engaged. The clutch engagement force 

IS , and the torque capacity of the clutch increase In accord- 
. ance with the hydraulic pressure that is applied. 
[0032] A hydraulic pressure supply device for supply- 
ing hydraulic pressure to the wet-type multiple plate 
clutch 3 will now be explairied. As is illustrated in Fig. 2, 
the oil in an oil tank 13 is aspirated and discharged by 
a hydraulic pump OP via a filter 14, and the resultant 
discharge pressure is adjusted by a relief valve 1 5 such 
that a constant line pressure PL is created. The oil at 
this line pressure PL is fed to the clutch 3 under pressure 

25 control (reduced pressure), and two vah^es - a clutch 
control valve CCV and a clutch solenoid >/alve CSV - are 
used for this. In other words, a pilot operation-type hy- 
draulic pressure control system is employed in which the 
clutch control valve CCV whk^h is connected to the main 

30 hydraulic pressure line is caused to open and close in 
accordance with pilot hydraulic pressure Pp sent from 
the clutch solenoid valve CSV. The magnitude of the pi- 
lot hydraulic pressure Pp is varied in accordance with 
duty pulse signals outputted from an electronic control 

35 unit (ECU) 16. . : 

[0033] The clutch solenoid valve CSV is an electro- 
magnetic valve having an electromagnetic solenoid to 
which the line pressure PL is constantly supplied. The. 
electromagnetic valve receives a duty pulse signal out- 

40 putted from the ECU 16, and the valve body opens and 
closes in accordance with the on/off of the pulse. There- 
by, the clutch solenoid valve CSV outputs pilot hydraulic 
pressure Pp which conresponds to the duty (duty ratio) 
of the duty pulse signal. 

45 [0034] The clutch control valve CCV is a spool valve 
which is opened and closed continuously on the basis 
of the pilot hydraulic pressure Pp, and is thererore not 
subject to electronic control. That is, an in-built spool is 
caused to stroke to the release side in accordance with 

50 the magnitude of the pilot hydraulic pressure Pp, where- 
by the line pressure PL Is appropriately adjusted and fed 
to the clutch 3 as clutch pressure Pc. As a result, the 
hydraulic pressure supplied to the clutch 3 is therefore 
duty controlled by the ECU 16. 

55 [0035] Note that an accumulator 1 7 is provided at a 
point on the path which connects the clutch solenoid 
valve CSV and the clutch control valve CCV 
[0036] Rg. 3 is a line diagram of the characteristic of 
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a hydraulic pressure supply device. The axis of abscissa 
is the duty D of duty pulse signals outputted from the 
ECU 16, or more specifically is the on duty indicating 
the proportion of solenoid on time in a predetermined 
control period (which in this embodiment is 20msec). In 
this embodiment, the clutch is set so as to be fully en> 
gaged when the duty D is 0%. This is so that the vehicle 
can be supported while running with the clutch in a state 
of engagement even when no electric current is being 
supplied to the clutch solenoid valve CSV (in a so-called 
off istack state) due to a breakdown or the like of the 
eleictrlc system. 

[0037] As is illustrated in the drawing, the larger D is, 
the closer it \i to disengagement, and the smaller D is, 
the closer it Is to engagenient. As the value of D be- 
comes smaller, the value of the pilot hydraulic pressure 
Pp outputted from the clutch control valve CCV increas- 
es proportionately, and the hydraulic pressure which Is 
supplied Lo the clutch, or in other words the clutch pres- 
sure Pc, and the torque capacity To of the dutch 3 tend 
also to increase proportionately. The valve opening V of 
the clutch control valve CCV has three positions in the 
drawing, and in actual fact, at the intermediate opening 
(valve opening 0mm) other than being fully opened and 
fully closed, the spool valve makes a minute stroke and 
the clutch pressure Pc can be continuously altered. 
[0038] A control system for the lock-up clutch 7 also 
exists in this embodiment, but an explanation thereof is 
omitted here since this bears no relation to the present 
invention. The constitution of the hydraulic pressure 
control system thereof is substantially the same as the 
hydraulic pressure control system of the wet-type mul- 
tiple plate clutch 3. 

[0039] Next, an electronic control device for electron- 
ically controlling a power transrhission device will be ex- 
plained using Fig. 4. Various switches and sensors are 
connected to the aforementioned ECU 1 6 as well as the 
clutch solenoid valve CSV In order to electronically con- 
trol this device. These Include an engine rotation sensor 
. 1 8 for detecting the engine rotation speed, a turbine ro- 
tation sensor 19 for detecting the rotation speed on the 
Input side of the clutch 3, or in other words the rotation 
speed of the turbine 5, a transmission rotation sensor 
20 for detecting the rotation speed of the transmission 
T/M, or more particularly the rotation speed of the input 
counter gear 12, and a vehicle speed sensor 21 for de- 
tecting the vehicle speed. These sensors are also illus- 
trated in Fig. 1 . A parking brake switch 22 for detecting 
whether the parking brake Is in operation or not, a foot 
brake switch 23 for determining whether the foot brake 
Is in operation or not, and a gear position sensor 24 for 
detecting the gear position of the transmission are also 
provided. 

[0040] A knob switch 25 is also connected to the ECU 
16. More specifically, in order to detect the start time of 
a gear change operation by a driver, or in order to de- 
termine the start timing for clutch disengagement, a shift 
knob is attached to the shift lever in the driver's cab so 



as to be slightly movable in the shift direction, and the 
knob switch 25 is provided between the lever and the 
shift knob. When the shift knob oscillates prior to a lever 
operation during a gear change operation by the driver, 

5 the knob switch 25 turns on, in response to which clutch 
disengagement begins. The specific constitution of this 
device Is similar to that disclosed in Japanese Patent 
Application Laid-Open No. H11-236931. 
[0041 ] A hill start aid (HSA) device which is disclosed 

10 in the sa:me patent application is also provided in the 
power transmission device of this embodiment, and an 
l-tSA switch 26 for performing a manual on/off operation 
of this device is also provided in the driver's cab: The 
HSA switch 26 Is connected to the ECU 16. This HSA 

15 switch 26 doubles as a trigger iswitch used at the begin- 
ning of torque teaming (to be described hereinafter), and 
thus the HSA itself Is of little meaning here. 
[0042] The operation of the power transmission de- 
vice according to this embodiment will now be ex- 

^ plained. 

[0043] In this power transmission device, the power 
of the engine E is transmitted to the fluid coupling 2, the 
wet-type multiple plate clutch 3, and the transmission T/ 
M sequentially. As a rule, the lock-up clutch 7 is always 

25 on (engaged) when the vehicle is running following start- 
up, and off (disengaged) only when the vehicle Is sta- 
tionary. Thus, during vehicle start-up, the creep of the 
fluid coupling 2 can be used in a similar fashion to a 
typical AT automobile, whereby control becomes easier 

30 than perf bmning start-up control of a friction clutch elec- . 
tronically. and loss due to slippage can be prevented 
due to the fact that the fluid coupling 2 Is locked while 
the vehicle is running. The wet-type multiple plate clutch 
3 is disengaged and engaged each time a gear change 

35 is perforrned. Th is is similar to a typical MT automobile. 
[0044] Rrst the operation during a garage shift upon 
vehicle start-up will be explained. It is assumed that the 
vehicle is stationary due to a braking operation or the 
gear being in neutral, and that the driver is about to op- 

40 . erate the shift lever to the start-up level in order to ad- 
vance. When this occurs, the shift knob oscillates prior 
to the .lever operation of the shift lever, whereby the knob 
switch 25 is switched on. In response thereto, the clutch 
3 Is disengaged. When the shift lever Is subsequently 

45 operated, the transmission T/M Is put Into the start-up 
level gear, and when this Is detected by the gear position 
sensor 24, the clutch 3 is engaged. The foot brake or 
parking brake is operated by the driver prior to the shift 
lever operation, and therefore the turbine 5 is halted 

50 from the driving wheel side by the clutch engagement. 
As a result thereof, the pump 4 slides relative to the tur- 
bine 5 and creep force Is generated. Thereafter, the 
brake need only be released or the accelerator stepped 
upon for the vehicle to start moving. 

55 [0045] Next, an operation to change gear while the ve- 
hicle is In motion will be explained. It Is assumed that 
the vehicle is running in a predetennined gear and the 
driver is about to operate the shift lever to the next gear 
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level in order to change speed. When this occurs, the 
shift l<nob oscillates prior to the lever operation whereby 
the l<nob switch 25 is switched on. In response thereto, 
the clutch 3 is disengaged. When the shift lever is sub- 
sequently operated, the transmission T/M is put into the 
next gear level, and when this is detected by the gear 
position sensor 24, the clutch 3 is engaged. Gear 
change is thus completed. During this gear change the 
lock-up clutch 7 remains on and the engine power con- 
tinues to be transmitted to the clutch 3, 
[0046] Next, the content of clutch engagement control 
will be explained using Figs. 5 and 6. This control Is ba- 
sically open control excluding the slow engagement 
control and the movement therefrom to full engagement 
control to be described hereinafter. 
[0047] tn Fig. 5, the axis of abscissa is time t, and the 
axis of ordinate Is the duty D butputted from the ECU 
16. Control Is performed at intervals of predetermined 
control periods of At = 20msec. It is assumed here that 
a garage shift Is performed upon vehicle start-up, that, 
is, the driver perforrns a shift operation from neutral to 
the start-up level while the vehicle is In an Idling station- 
ary state due to a bral<tng operation, whereupon the 
clutch is engaged and creep is generated. "Stationary** 
does not only indicate that the vehicle speed is zero, but 
may also include vehicle speeds extremely close to ze- 
ro. In this embodiment, staitionary indicates a .vehicle 
speed of 3km/h or less. In Fig. 6, the axis of abscissa Is 
time t, and the axis of ordinate is mtation spewed. The 
engine rotation speed Ne is Illustrated by an unbroken 
line, and the turbine rotation speed Nt Is illustrated by a 
dot/dash tine. The engine rotation speed Ne is constant 
at idling rotation speed - 600rpm, and since Initially the 
gear is neutral and the clutch is fully disengaged, the 
pump and turbine of the fluid coupling rotate In unison 
and the turbine rotation speed Nt and engine rotation 
speed Ne are equal. 

[0048] As is Illustrated in Fig. 5, it is assumed that the 
gear engaging operation was completed at time to and 
that a gear-in signal has been transmitted from the gear . 
position sensor 24 to the ECU 16. Thereafter, from a 
state of full disengagement (D = 1 00(%)), a one-shot 
engagement duty, or in other words the starting duty Dst 
(starting duty pulse signal) is initially outputted from the 
ECU 16, whereupon one-shot engagement control ls 
executed. The starting duty Dst is preset such that the 
clutch js largely engaged up to the vicinity of the torque 
point, and such that excessive clutch engagement 
shock is never produced by taking Into consideration ir- 
regularities in the torque point. In the example in Fig. 5, 
the starting duty Dst is experiential ly or experimentally 
determined such that, even If an optimum starting duty 
value slips to the furthest disengagement side, as does 
Dst2', due to outside disturbances such as individual dif> 
ferences among clutches or the like, the driving condi- 
tionSj and variation with time, the starting duty Dst will 
become this slipped value or a higher value. Note that 
the starting duty Dst Is a value In the range from being 



close to the torque point learning value DIt to being as 
close as possible thereto. In this embodiment, Dst = 
60%. Thus in this embodiment, one-shot engagement 
is executed up to a position which is further removed 
5 from the torque point than the conventional starting duty 
Dst'. 

. [0049] The torque point learning value DIt will now be 
explained. A wet-type multiple plate clutch differs from 
a dry friction clutch in that there is no such concept as 
10 a clutch stroke. Therefore, the torque point cannot be 
detemriined by detecting the clutch stroke. Consequent- 
ly, the torque point learning value Is detemriined using 
the values of the duties of the duty pulse signals which 
the ECU 16 itself outputs. As for the learning method, 
first, when the vehicle is stationary and in gear following 
a brake operation, and the clutch is fully disengaged, . 
one-shot engagement Is always executed to a position 
In which the torque point is not reached, whereupon 
slow clutch engagement is performed slowly by means 
of a regular slow engagement method. Then, when the 
difference between the engine rotation speed and tur- 
bine rotation speed equals or exceeds a predetermined 
value, the value of the duty at this time is relearned as 
the torque point learning value. As is illustrated in Fig. 
6, the turbine rotation speed Nt gradually falls below the 
engine rotation speed Ne due to slow, clutch engage- 
ment, and therefore, when the rotation difference at this 
time reaches or exceeds the predetermined value Nm, 
this position is set as the torque point of the clutch and 
the value of the duty which is being outputted at this time 
is stored as the torque point learning value DIt. Here, 
Nm has been set at 300rpm. 

[0050] Referring to Fig. 3, and assuming that the ro- 
tation difference AN has reached or exceeded the pre- 
detenmined value Nm for the first time when D has come 
to equal 50%, the torque capacity of the clutch 3 at this 
time is Tcm = approx. 200 (Nm), and this becomes the 
torque point. Even if the torque capacity slips as in the 
line drawing due to irregularities in the clutch or the like, 
the torque caj3acity arid rotation difference AN have a 
univocal relationship and therefore the point indicating 
the same torque capacity Tern can be detected as long 
as the duty D indk:ating.the same rotation difference AN 
Is detected. Hence a constant torque point can always 
be detected and leamed regardless of Individual differ- 
ences among clutches. 

[0051] Relurriinglo Fig. 5, after the output of the start- 
ing duty Dst, the starting duty Dst is held for a fixed 
amount of time Atl (which is 200msec in this embodi- 
ment), and following the elapse of this amount of time 
Atl, the process moves to slow engagement control. 
The reason for awaiting the elapse of this fixed amount 
of time At1 is that there is a delay in response during 
which a state of engagement commensurate with the 
starting duty Dst cannot be immediately obtained even 
if the starting duty Dst Is outputted. This is due to the 
fact that the clutch plates only begin to be pressed to- 
gether after the initial stroke (up to 2mm), which corre- 
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sponds to the bite region of the clutch piston, has ended. 
By waiting for the elapse of this amount of time Atl , the 
response delay is absorbed and the proceeding slow 
engagement control may be performed according to 
plan. 

[0052] Slow engagement control begins with the out> 
put of first slow engagement duties Dkl (first slow en- 
gagement duty pulse signals) from time t1 . The first slow 
engagement duties Dk1 are such that the clutch is slow- 
ly engaged at a comparatively fast speed/ and are ob* 
tained by deducting a first step duty Dsl from the value 
of the previous duty. In other words, the first step duty 
Ds1 Is set at a comparatively large value, which in this 
case is 0.4%. Thus in this case, first slow engagement 
Is performed at a faster rate than conventional slow en- 
gagement by reducing the duty by one step duty Dsl at 
a time. Note that the period of reduction Atkl of the slovir 
engagement duties Dk1 is set to be equal to one control 
period Al in this embodiment, but may, for example, be 
set to be equal to a plurality of control periods nAt. tt 
goes without saying that the clutch is engaged more 
slowly during this first slow engagement control than 
during the one-shot engagement control. 
[0053] When fast slow engagement is performed in 
this manner, as is illustrated iri Fig. 6, clutch engage- 
ment begins before long, whereupon theturbine rotation 
speed Nt falls below the engine rotation speed Ne. 
When the amount of this fall and the rotation difference 
reach or exceed a predetemrilned value Nk at the time 
point t2, slow engagement is switched to a lower speed. 
In this embodiment, this speed is Nk = 200rpm. 
[0054] As is illustrated in Fig. 5, the output of second 
slow engagement duties Dk2 (second slow engagement 
duty pulse signals) begins from time t2. The second slow 
engagement duties Dk2 are such that the clutch is slow- 
ly engaged at a comparatively slow speed, and these 
duties are of course obtained by deducting a second 
step duty Ds2 from the value of the previous duty. The 
second step duty Ds2 is set at a comparatively small 
value, whk:h In this case Is 0.02%. Thus in this case, 
second slow engagement is performed at the same rate 
as conventional slow engagement by reducing the duty 
by one step duty Ds2 at a time. The period of reduction 
Atk2 of the second slow engagement duties Dk2 Is also 
set to be equal to one control period At, but may also be 
set to be equal to a plurality of control periods nAt. 
[0055] As is illustrated in Fig. 6, the turbine rotation 
speed Nt falls further below the engine rotation speed 
Ne diie to such slow slow engagement. Then, at the 
point when Nke (which is 300rpm in this embodiment) 
is reached or exceeded by the rotation difference AN = 
Ne - Nt (time t3), the process moves to full engagement 
control. In full engagement control, a duty correspond- 
ing to full clutch engagement, or in other words a full 
engagement duty Dc = 0% (full engagement duty pule 
signal) is outputted, and the clutch is fully engaged in 
one stroke. As a result, as is shown in Fig. 6. the turbine 
rotation speed Nt falls to zero and creep Is produced at 



vehicle start-up standby. 

[0056] Thus, full clutch engagement control is moved 
to during slow clutch engagement control at the point 
when the difference in rotation AN between the input 

5 side rotation speed of the fluid coupling 2 (that is, the 
engine rotation speed Ne) and the output side rotation 
speed (that is, the turbine rotation speed Nt) reaches or 
exceeds the predetermined value Nke, whereupon the 
duty Dc = 0% corresponding to full clutch engagement . 

10 is outputted, and thus the region at the point of half 
clutch completion in which clutch transmission torque is 
unstable can be engaged In one stroke such that smooth 
clutch engagement can be realized. Furthemnore, 
speed shift shock during a garage shift can be prevent- 

15 ed. Even in cases where the half clutch state and the 
times t1 to t3 of slow engagement control are protracted, 
hunting In the turbine rotation can be prevented and un- 
usual vehicle behavior (such as shock) and rattling 
. sounds can be prevented. 

20 [0057] In conventional control, full engagerrient con- 

. . troMs moved to when a fixed slow engagement comple- 
tion duty Ded' Is reached. In so doing, however, optimum 
movement to full engagement cannot be performed 
when variations or irrogulartties in the clutch character- 
istic occur due to outside disturbances such as iridlvld- 
ual differences among clutches and so ori, the driving 
conditions, and variation with time. According to the con- 
trol of the present invention, the timing of movement to 
full engagement is detemnined on the basis of the rota- 

30 tidn difference between the input and output sides of the 
fluid coupling 2 in which variations and irregularities in 
the actual clutch characteristic are reflected. As a result, 
redundancy is maintained and clutch engagement at the 
point of half clutch completion is always performed vvith 

35 a sense of stability. 

[0058] In this case, the threshold value Nke of the 
aforementioned rotation difference is an experimental 
value which is set to a value at which the clutch suffi- 
ciently transmilts torque and at which clutch engagement 

^ shock Is not produced even when full engagement cori- 
trol is moved to. Conversely, when the rotation differ- 
ence AN between the Input and output sides of the fluid 
coupling 2 reaches such a value Nke, the clutch has al- 
ready transmitted enough power to produce ci-eep, and 
thus, even if the clutch is mistakenly engaged In one 
stroke at this point, clutch engagement shock Is not pro- 
duced, and on the contrary, the region in which torque 
transmission is unstable can be passed by in one stroke . 
[0059] The control of the present invention has the fol- 

50 lowing features. In reality, irregularities In the torque and 
slippages and irregularities in the value of the optimum 
starting duty, such as in Dsti* and Dst2' In Fig. 5, may 
occur due to outside distuibances such as individual dif- 
ferences among clutches and the like, the driving con- 

55 ditlons. and variation with time. Moreover, these slippag- 
es and irregularities cannot be detected prior to relearn- 
ing of the torque point. Thus, when the value of the start- 
ing duty is controlled only to Dst*, engagement time lag 
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increases when Dsf slips to Dsti and engagement 
shock increases when Dsf slips to Dst2'. 
[0060] According to the control of the present inven- 
tion, the starting duty Dst Is detemnlned as described 
above, and thus no excessive clutch engagement shock s 
due to the one-shot engagement is produced even when 
the optimum starting duty slips to the furthest value on 
the disengagement side (for example Dst2') due to out- 
side disturbances such as individual differences. Fast 
slow engagement is perfonned thereafter, and thus io 
even when one-shot engagement ends at a position 
which is slightly farther from the torque point than con- 
ventionally, the conventional level can be reached di- 
rectly so that time lag can be prevented. In this case, no 
engagement shock is produced by such fast slow en- is 
gagement either. The reason for this Is that such fast 
slow engagement Is only perfomied up to the stage of 
Initial engagement. When the difference Nk between the 
engine rolalioh speed Ne and the turbine rotation speed 
Nt is within the range of Nk = 200rpm, shock does not. 20 
occur at level which is perceivable by a driver even 
. though engagement is slightly fast. Accordingly there 
are no problems concerning engagement shock. When 
this fast slow engagement Is complete, conventional 
slow slow engagement is performed, and thus the clutch ss 
can be engaged smoothly while preventing engagement 
shock. According to such control, redundancy can be 
maintained and both time lag and shock during dutch 
engagement can be prevented even when slippages or 
irregularities due to outside disturbances occur in the. 30 
optlmuni starting duty value. In particular, garage shock 
and time lag can be effectively prevented during vehtele 
start-up, and thus the vehicle can advance smoothly. 
[0061] The content of the clutch control according to 
the present invention will now be explained using the 35 
flQWChart shown In Fig. 7. 

[0062] This flowchart begins with the input of a gear- 
In signal to the ECU 1 6. First, In step 1 01 , a duty D out- 
putted from the ECU 1 6 is set as the starting duty Dst = 
60%. Then, the elapse of a fixed amount of time At1 is 40 
iawaited, although this step has been omitted from the 
flowchart. Next, in step 1 02, a judgement is made as to 
whether the difference AN (= Ne - Nt) between the en- 
gine rotation speed Ne and the turbine rotation speed 
Nt has reached or exceeded a predetermined value Nk 
= 200rpm or not. Initially this stage has not been 
reached, and therefore step 1 03 is proceeded to, where 
the duty D whch is outputted this time is set at a value 
(D - Ds1) of a first step duty Ds1 = 0.4% minus the pre- 
vious value. By this process, AN ^ Nk Is eventually so 
reached in step 1 02. Then the process proceeds to step 
1 04, where a judgment is made as to whether the rota- 
tion difference AN has reached or exceeded Nke » 
300rpm or not, or whether the turbine rotation speed Nt 
has reached or fallen below Ntke = 200rpm or not. In ss 
other words, in this case full engagement is executed 
not only when the condition of AN ^ Nke has been ful- 
filled, but when the condition Nt ^ Ntke has also been 



fulfilled. This is because when, for example, the engine 
rotation speed becomes lower than nomial idling rota- 
tion speed, the turbine rotation speed Nt sometimes 
reaches or falls below Ntke before the rotation differ- 
ence AN reaches or exceeds Nke. Initially neither con- 
dition is satisfied, and hence step 105 is proceeded to, 
where the duty D outputted this time is set as a value (D 
- Ds2) of a second step duty Ds2 = 0.02% minus the 
previous value. By this process AN > Nke or Nt ^ Ntke = 
is reached in step 104. Then the process proceeds to 
step 106, where the outputted duty D is set as the full 
engagement duty Dc =0% and the flowchart ends. 
[0063] Note that this embodiment of the present In- 
vention Is not limited to the above descriptions. The wet- 
type friction clutch of the present Invention is of a multi- 
ple plate type in this embodiment, but may. for example, 
be of a single plate type. The fluid pressure In the 
present Invention is hydraulic pressure In this embodi- 
ment, but may be another type of fluid pressure such as 
pneumatic pressure, for example; The. transmission in 
the present invention is a constant mesh manual trans- 
mission in this embodiment but may, for example, be a 
constant mesh automatic transmission or a planetary 
gear automatic transmission such as that in an AT au- 
tomobile. The engine may be diesel, gasoline, or any 
other type. Ail of the aforementioned numerical values 
may be modified appropriately. The clutch need not nec- 
essarily be engaged from a fully disengaged state, and 
the present invention may be applied to such a case. 
[0064] Further the method of shifting from slow en- 
gagement control to full engagement control as de- 
scribed above Is not limited to a vehicle power transmis- 
sion device, but may be applied to any power transmis- 
sion device in which a fluid coupling and a friction-type 
clutch capable of perfonming engagement/disengage- 
ment control are provided in sisries. In such a case, the 
friction-type clutch of the present invention, which is a 
wet-type multiple plate clutch in this embodiment, may 
be a single plate type or a dry type, for example. 
[0065] According to the present invention as de- 
scribed above, excellent effects can be achieved upon 
vehicle start-up such as the stabilization of clutch trans- 
mission torque at the point of half clutch completion dur- 
ing a garage shift, which leads to smooth clutch engage- 
ment. 



Clairins 

1. A vehicle powertransmission device in which afluid 
coupling and a wet friction clutch are provided in se- 
ries at points on a power transmission path which 
extends from an engine to a transmission, and 
■■ which perfomris engagement/disengagement con- 
trol of the clutch by varying the pressure of operat- 
ing fluid used for engagement/disengagement driv- 
ing the clutch in accordance with duty pulse signals 
outputted from an electronic control unit. 
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wherein, when a vehicle starts up from a 
standstill, clutch engagement control is begun at the 
same time as the transmission is put into gear dur- 
ing a braking operation and a state of clutch disen- 
gagement, a duty pulse signal corresponding to full 5 
clutch engagement being outputted from the elec- * 
tronic control unit when the rotation difference on 
the input and output sides of the fluid coupling 
reaches or exceeds a predetemnined value during 
this engagement control. io 

The vehicle power transmission device according 
to claim 1 , characterized in that said clutch en- 
gagement control is such that, initially, is executed 
one-shot engagement control In which a starting du- 
ty pulse signal, which is predetermined such that 
the clutch is largely engaged up to the vicinity of the 
torque point and excessive clutch engagement 
shock is never produced by taking into considera- 
tion irregularities in the torque point, is outputted 20 
from the electronic control; unit, whereupon the . 
process moves to slow engagement control, and 

characterized in that this slow engagement 
control Is such that first slow engagement duty 
pulse signals are outputted from the electronic con- 
trol unit at predetennined time intervals such that . . 
the clutch is engaged more slowly than in said one- 
shot engagement control, whereupon second slow 
engagement duty pulse signals are outputted from 
the electronic control unit at predetemnined time in- 30 
tervals once predetermined conditions have been 
fulfilled such that the clutch is engaged more slowly 
than In said first slow engagement. 

A clutch control method for perfomiing engage- 55 
ment/disengagement control of a clutch In accord- 
ance with duty pulse signals outputted from an elec- 
tronic control unit, this method being used in a ve- 
hicle power tr^ansmission device in which a fluid 
coupling and a wet friction clutch are provided in se- 40 
ries at points on a power transmission path which 
extends from an engine to a transmission, 

characterized in that, when a vehicle starts 
up from a standstill, clutch engagement control is 
begun at the same time as the transmission is put 45 
into gear during a braking operation and a state of 
clutch disengagement, a duty pulse signal corre- 
sponding to full clutch engagement being outputted 
from the electronic control unit when the rotation dif- 
ference on the Input and output sides of the fluid so 
coupling reaches or exceeds a predetermined val- 
ue during this engagement control. 

A power transmission device in which a fluid cou- 
pling and a friction-type clutch capable of perform- 55 
ing engagement/disengagement control are provid- 
ed in series at points on a power transmission path, 
characterized in that the clutch engagement 



control is executed when the output side of the 
clutch has been damped, and full engagement con- 
trol of the clutch is switched to during the process 
of clutch engagement control when the rotation dif- 
ference between the input and output sides of the 
fluid coupling reach or exceed a predetennined val- 
ue. 
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